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: Configurable Heat Exchanger System

Configurable Heat Exchanger System
ABSTRACT
This disclosure describes configurable immersion cooling systems that can be utilized for
cooling high power as well as low power electronic components. The immersion cooling system
is configured to utilize two-phase cooling for high power applications and single-phase cooling
for low power applications. The configurable immersion cooling system utilizes the same
immersion tank and dielectric operating fluid for low and high temperature applications. In one
implementation, the immersion system is configured for the cooling of low power components
by repositioning the heat exchanger such that the condenser tubes are in contact with the
dielectric fluid. The dielectric fluid is sub-cooled to below its saturation temperature. Circulation
of the dielectric fluid occurs via free convection. Additional thermal coupling can be provided
between the heat exchanger condenser tubes and the dielectric fluid in the immersion tank to
improve heat transfer efficiencies.
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BACKGROUND
Data centers utilize electronic components such as chips, storage devices, servers,
networking gear, etc., that generate heat during their operation. There is a need to dissipate
(reject) this heat to enable efficient performance and to keep the electronic components and other
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information technology (IT) equipment within specified temperature limits. Heat exchangers are
commonly used in cooling systems for heat rejection and to cool the electronic components.
While both liquid-to-air heat exchangers and liquid (immersion-type) heat exchangers can be
utilized, the high power density of electronic components favors the use of liquid cooling
(immersion cooling systems) in modern data centers.

Fig. 1: Typical immersion cooling systems for high power components
Fig. 1 is a schematic of example immersion cooling systems and depicts two-phase and
single-phase immersion systems that can be utilized for cooling electronic components. Fig. 1(a)
depicts an example two-phase immersion cooling system where a high power electronic
component is immersed in a liquid with a low saturation temperature. Heat generated by the
component causes the liquid to vaporize (and cool the component), which transfers the heat to
the condenser tubes of a heat exchanger. Water from a facility water supply (FWS) system is
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utilized to transfer this heat out and is rejected to the environment or used in a heat recovery
process.
Fig. 1(b) depicts an example single-phase immersion cooling system where a high power
electronic component is immersed in a liquid with a high saturation temperature. In this system,
heat generated by the component is transferred to the liquid it is immersed in. The system is
powered by a pump such that the liquid flows through a heat exchanger where the heat is
transferred to cooling water from a facility water system.
Modern data centers utilize a variety of electronic components with different levels of
heat production. For example, advanced central processing units (CPUs) are high powered
components that generate relatively large quantities of heat during operation, whereas devices
such as hard disk drives (HDD) and solid state drives (SSD) are low powered components that
generate relatively small quantities of heat during operation. The lower quantities of heat
generated by the low power components pose challenges to their being cooled using immersion
cooling systems that are utilized for high power components. There is consequently a need for
immersion cooling systems that can deploy a single type of immersion tank with the same
dielectric fluid for both high power and low power applications.
DESCRIPTION
This disclosure describes configurable immersion cooling systems that can be utilized for
cooling high power (temperature) electronic components as well as low power (temperature)
electronic components in data centers or other facilities. The immersion cooling system can be
configured such that it utilizes two-phase cooling for high power applications and single-phase
cooling for low power applications. The configurable immersion cooling system(s) can utilize
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the same immersion tank and dielectric operating liquid (fluid) for low and high temperature
applications.

Fig. 2: Immersion system configured for low power components by repositioning heat
exchanger
Fig. 2 depicts an example of a configurable immersion cooling system, per techniques of
this disclosure. As depicted in Fig. 2, the immersion system is configured for the cooling of low
power components by repositioning the heat exchanger such that the condenser tubes are in
contact with the dielectric fluid. The dielectric fluid is sub-cooled to below its saturation
temperature, and circulation of the dielectric fluid occurs via free convection.
Heat is transferred from the low power component to the liquid, and from the liquid
directly to the heat exchanger condenser tubes without the need for a vapor phase. The same
dielectric fluid and immersion tank can thereby be utilized for high power (two-phase system) as
well as for low power (single-phase system).
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Fig. 3: Additional thermal coupling is provided to improve heat transfer for low
power applications
Fig. 3 depicts another example of a configurable immersion cooling system, per
techniques of this disclosure. In this implementation, additional thermal coupling is provided
between the heat exchanger condenser tubes and the dielectric fluid in the immersion tank to
improve heat transfer efficiency. The dielectric fluid is sub-cooled to below its saturation
temperature. Heat is transferred from the low powered component to the thermal coupling and
from the thermal coupling to the heat exchanger and the facility water supply.
In this illustrative example, finned heat pipes are utilized as the additional thermal
coupling to increase the surface area for heat transfer. Other connective elements such as finned
copper brackets, finned thermosyphon, etc. that provide thermal coupling can also be utilized
between the condenser tubes and the dielectric fluid.
Techniques of this disclosure enable use of the same immersion cooling tank for twophase and single-phase applications, thereby simplifying tank deployment and tank serviceability
at each facility. Use of the same dielectric fluid in two-phase and single-phase applications
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simplifies fluid storage requirements and enables use of the same immersion cooling system for
multiple types of electronic components that require cooling.
CONCLUSION
This disclosure describes configurable immersion cooling systems that can be utilized for
cooling high power as well as low power electronic components. The immersion cooling system
is configured to utilize two-phase cooling for high power applications and single-phase cooling
for low power applications. The configurable immersion cooling system utilizes the same
immersion tank and dielectric operating fluid for low and high temperature applications. In one
implementation, the immersion system is configured for the cooling of low power components
by repositioning the heat exchanger such that the condenser tubes are in contact with the
dielectric fluid. The dielectric fluid is sub-cooled to below its saturation temperature. Circulation
of the dielectric fluid occurs via free convection. Additional thermal coupling can be provided
between the heat exchanger condenser tubes and the dielectric fluid in the immersion tank to
improve heat transfer efficiencies.
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